The genus Flavobacterium was created in 1923 (1) for gramnegative, nonsporulating, yellow-pigmented rods that weakly produced acid from carbohydrates. In 1984 Holmes et al. (10) redefined the genus and limited it to pigmented, strictly aerobic, nonmotile bacteria with guanine-plus-cytosine (G+ C) contents ranging from 30 to 42 mol%. Since then, several Flavobacterium species have been reclassified in new or other genera, including the genera Chryseobacterium (21) , Cytophaga (19), Empedobacter (21) , and Sphingobacterium (9, 28). Furthermore, it has been shown that differentiation of the genera Cytophaga, Flexibacter, and Flavobacteriurn based on the presence of gliding motility is taxonomically irrelevant (19, 27) . In a polyphasic study, Bernardet et al. (3) restricted the genus Flavobacterium to validly described species on the Flavobacterium aquatile rRNA branch which have the following features: gram-negative rods that are motile by gliding, produce cream to yellow colonies on agar, are chemoorganotrophic and aerobic, and decompose several polysaccharides but not cellulose. These organisms are widely distributed in soil and freshwater habitats, and some are pathogenic for fish. The G + C contents of Flavobacterium DNAs range from 32 to 37 mol%. The eimended genus contains the following 10 species: Flavobacter i m aquatile, Flavobacterium branchiophilum, Flavobacterium columnare, Flavo bacterium flevense , Flu vo bacterium hy da tis , F,!avobacterium johnsoniae, Flavobacterium pectinovorum, Flavobacterium psychrophilum, Flavobacterium saccharophilum, and Flavobacterium succinicans. Bernardet et al. (3) excluded Flavobacterium odoratum from the emended genus Flavobacterium because of its clinical origin, its lack of gliding motility, its good growth at 37"C, its halotolerance, and several differences in its fatty acid profile. The conclusion of these authors was supported by 16s rRNA sequencing data which grouped the soil and freshwater organi s m on a single branch, whereas Flavobacterium odoratum occupied a clearly independent position (7, 13, 22) . Holmes et al. (10) had suggested previously that Flavobacterium odoratum should be classified in a separate genus on the basis of its unique characteristic phenotypic features. Strains of this species differed from the majority of Flavobacterium species in being nonsaccharolytic and in failing to produce indole. These characteristics routinely differentiated Flavobacterium odoraturn from Chryseobacterium meningosepticum and other medically important flavobacteria (26) . Despite its phenotypically and phylogenetically separate position, several studies demonstrated that the taxonomic status of Flavobacterium odoratum required further examination (15, 17, 18) . Owen and Holmes (15) observed heterogeneity among Flavobacterium odoratum strains with respect to colonial morphology and genomic relatedness. Two groups which exhibited less than 30% DNA homology were recognized. The members of the first group, which included the type strain, had G+C contents of 34 to 36 mol% and exhibited DNA binding values greater than 48%, and the members of the second group had G+C contents of 31 to 32 mol% and were more homogeneous (levels of DNA homology, >go%). No other phenotypic characteristics differentiated the two groups.
In addition, Rasoamananjara et al. (17) recognized two subgroups among Flavobacterium odoratum strains on the basis of nutritional features. These authors also characterized Flavobacterium odoratum strains by performing a gas-liquid chromatographic analysis of the volatile fatty acids produced in the culture medium, and the resulting data revealed three subgroups (18). However, these data could not be compared with the data obtained by Owen and Holmes (15) because of a lack of reference strains.
In the present study, we performed an extensive polyphasic taxonomic analysis in order to clarify the taxonomic relationships of 19 strains classified as Flavobacterium odoratum, and in this paper we describe a new genus, the genus Myroides, to accomodate these strains. We found that 4 strains conformed to the description of Myroides odoratus comb. nov. and that 15 isolates belonged to a novel species, for which we propose the name Myroides odoratimimus sp. nov. no. 11768; BBL, Becton Dickinson Microbiology Systems, Cockeysville, Md.) and were incubated aerobically at 28"C, unless otherwise indicated. PAGE of whole-cell proteins. After incubation for 24 h, whole-cell protein extracts were prepared, and sodium dodecyl sulfate (SDS)-polyacrylamidc gel electrophoresis (PAGE) was performed as described by Pot et al. (16) . A densitometric analysis, normalization and interpolation of the protein profiles, and a numerical analysis were performed by using the Gelcompar software package, version 3.1 (Applied Maths, Kortrijk, Belgium) (25) .
Fatty acid methyl ester analysis. After incubation for 24 h, a loopful of well-grown cells was harvested, and fatty acid methyl esters were prepared, separated by gas-liquid chromatography, and identified by using the Microbial Identification System software package, version 3.8 (Microbial ID, Inc., Newark, Del.), as described previously (23) .
Preparation of high-molecular-weight DNA. High-molecular-weight native DNA was prepared as described previously (23) .
Determination of DNA base compositions. All of the mean G + C values were determined by the thermal denaturation method and were calculated by using the equation of Marmur and Doty (12) DNA-rRNA hybridization experiments. 3H-labeled rRNA of M. odorulus LMG 1233= (T = type strain) was isolated and purified as described previously (22) . Labeled rRNAs of Flavobactenum aquatile and the generically misclassified species Flexibacfer manfimus were prepared previously (3, 20) . Hybridization between rRNA probes and single-stranded filter-fixed DNA was carried out as described previously by Van Landschoot and De Ley (24) . Each DNA-rRNA hybrid was characterized by determining the temperature at which one-half of the hybrid was thermally denatured [T,,,(,,] . A homologous duplex was a duplex formed with DNA and rRNA of the samc strain; a heterologous hybrid was a hybrid formed with DNA and rRNA of different strains. Thc average level of linkage between each pair of rRNA branches was calculated by using the T,t(e, values from reciprocal hybridization experiments and including the values for all strains on both rRNA branches.
Phenotypic characterization. All of the strains studied were characterized biochemically by using the following four different commercial galleries: API 20NE, API ZYM, Biotype 100 (bioMkrieux, La Balme-Les-Grottes, France), and Biolog (Biolog, Inc., Hayward, Calif.). The cells used for these tests were precultivated on nutrient agar (catalog no. CM3; Oxoid) plates for 24 h at 28°C. The inoculation procedure, incubation, and visual reading of the galleries were performed according to the instructions of the manufacturers.
RESULTS
Comparative protein gel electrophoresis. The whole-cell protein profiles of all strains studied and the corresponding dendrogram obtained after an average-linkage cluster analysis are shown in Fig. 1 . At a correlation coefficient (r) of 0.75, two clusters (clusters I and 11) were delineated. As discussed below, the 4 cluster I strains belong to M. odoratus, whereas the 15 cluster I1 strains belong to M. odorutimimus. Considerable heterogeneity was observed among the profiles of the M. odurutus strains (r 1 0.79). More similar protein patterns were found for the strains of M. odorutimimus (r L 0.88).
Gas chromatographic analysis of methylated fatty acids. The cellular fatty acid compositions of Myroides strains are shown in Table 2 DNA base compositions. The DNA base ratios determined in this study are shown in Table 3 . The M. odoratus strains had G+C contents between 37 and 38 mol%; the DNA base contents of M. udorutimimus strains were significantly lower, ranging from 30 to 35 mol%.
DNA-DNA hybridizations. DNA-DNA hybridization data are shown in Table 3 , and these data revealed that the four M. odoratus strains studied exhibited DNA binding values ranging from 55 to 85%. Five representative strains of M. odorutimimus constituted a homogeneous genospecies with DNA binding values greater than 80%. No significant level of DNA relatedness between M. odoratus and M. odorutimimus strains was found (Table 3) .
DNA-rRNA hybridizations. The results of the DNA-rRNA hybridization experiments are shown in Table 4 , and a dendrogram based on these results is shown in Fig. 2 . The DNArRNA hybridization data show that the two Myroides species form distinct taxonomic groups with separate positions on the Myroides rRNA branch.
Phenotypic characterization. The biochemical characteristics of all strains were determined by using an API 20NE gallery. All strains were positive for urease activity, gelatinase activity, and oxidase production. Of the 15 M. odoratimimus strains, 10 exhibited a weak positive reaction for growth on malate. None of the strains reduced nitrate, produced indole, acidified glucose, exhibited arginine dihydrolase or P-galactosidase activity, hydrolyzed esculin, or grew on glucose, L-arabinose, mannose, mannitol, N-acetyl-glucosamine, maltose, gluconate, caprate, adipate, citrate, or phenyl-acetate.
When we used a Biotype 100 gallery, in which assimilation of 99 different carbon sources (carbohydrates, amino acids, and organic acids) was tested, none of the M. odoratus strains yielded a single positive reaction. The same negative results were obtained when we used the two prescribed inoculation media or a third standardized inoculation medium described by Kersters et al. (11) . Strains of M. odoratimimus yielded positive reactions for growth on L-aspartate, L-glutamate, and L-proline and variable reactions for growth on L-malate, succinate, and fumarate.
All of the strains exhibited similar reactions for hydrolysis of 18 different substrates in the API ZYM system (see below). Only one test, hydrolysis of ~-leucyl-2-naphthylamide, slightly differentiated M. odoratus strains from M. odoratimimus strains; the intensities of hydrolysis (which was measured by using a scale of 0 to 5 teriurn aquatile rRNA cluster except Flavobacteriurn odoraturn were included in the emended genus. Flavobacteriurn odoraturn was excluded because of considerable genomic and phenotypic differences. 16s rRNA sequencing data grouped the soil and freshwater organisms on one lineage, while the clinical organism Flavobactenurn odoraturn formed a clearly distinct lineage (7, 13, 14, 22) . Moreover, small-subunit rRNA sequence signatures have been found which clearly differentiate Flavobacteriurn odoraturn from its neighbors (7). A detailed overview of phenotypic character is t ics which differentiate Flavo ba cteriurn odoraturn from other taxa belonging to the emended family Flavobacteriaceae has been published previously (3). This organism was distinguished from most members of the emended genus Flavobactenurn by its lack of gliding motility, its good growth at 37"C, its halotolerance, and several differences in its fatty acid profile (3). These findings clearly warranted reclassification of Flavobacteriurn odoraturn in a new genus. However, nomenclatural modifications were not proposed pending further examination of the demonstrated heterogeneity within Flavobacterium odoraturn (15, 17, 18) . In the present study, 19 Flavobacteriurn odoraturn strains representing the reported heterogeneity were extensively characterized. These strains formed two distinct species belonging to a single phylogenetic branch and were assigned to the new genus Myroides. Taxonomic characterization of the genus Myroides. Owen and Holmes (15) demonstrated that there was considerable genomic heterogeneity among 10 strains of Flavobacterium Iodoratum. Three strains, including the type strain, formed one group whose members had G + C contents of 34 to 36 mol% and exhibited intermediate levels of DNA homology (>48%), and seven strains formed a second group whose members had G + C contents of 31 to 32 mol% and exhibited high levels of DNA homology (>go%). These two taxonomic groups were less than 30% related to each other. Owen and Holmes did not propose nomenclatural changes as colonial morphology was the only phenotypic characteristic which differentiated the two DNA hybridization groups. In the present study, we included all three strains (LMG 1233T, LMG 4028, and LMG 13344) of the first group and one strain (LMG 4029) of the second group. A total of 15 additional strains that were isolated from human clinical samples or hospital environments in Denmark, France, and Sweden and were identified as Flavobacterium odoratum were also investigated. A polyphasic approach confirmed the subdivision of Flavobacterium odoratum strains into two species.
All of the strains were first compared by performing an SDS-PAGE analysis of whole-cell proteins (Fig. 1) . We identified two major clusters, which contained 4 and 15 strains. The members of cluster I, which included all members of the first group of Owen and Holmes (15) and one Danish isolate, exhibited considerable protein electrophoretic heterogeneity. The lowest level of similarity (Y = 0.79) observed was the level of similarity for strain LMG 13344, which was consistent with the rather low levels of DNA binding (55 to 57%) between this strain and the other strains belonging to the cluster (Table 3) . The levels of protein electrophoretic similarity for the remaining cluster I strains were more than 0.88 and were comparable to the values obtained for cluster I1 strains (Fig. 1) . The levels of DNA binding for the cluster I1 strains were more than 80% (Table 3 ). The DNA binding data of Owen and Holmes (15) and the data obtained in the present study (Table 3) were similar and revealed that the levels of binding between strains belonging to clusters I and I1 were not significant.
The phylogenetic affiliations of representative strains of the two clusters were determined by performing DNA-rRNA hybridization experiments (Table 4 ; Fig. 2 ). The data obtained demonstrated that the two taxa are located on the same branch and that the emended genus Flavobacterium is its nearest neighbor. The two clusters occupy distinct positions on the Myroides rRNA branch. The DNA base compositions of representative strains of the two clusters were determined (Table  3) , and these data extended the data of Owen and Holmes (15) . Slightly higher values were observed in the present study as cluster I strains had G + C contents between 37 and 38 mol% and the values for cluster I1 strains varied between 30 and 35 mol%.
The fatty acid compositions of all strains were determined to evaluate the usefulness of this characteristic for differentiation and identification of the taxa (Table 2) . Cluster I1 strains were easily differentiated from cluster I strains by the presence of significant amounts of 13:O is0 and 15:O. Only cluster I strains contained appreciable amounts of 15:O anteiso, and these strains had higher levels of 15:O is0 and lower levels of summed feature 4. Unexpectedly, the fatty acid content of the type strain of Flavobacterium odoratum was quantitatively aberrant; this strain contained less 15:O is0 and summed feature 4 and considerably more 17:l is0 09c than the other cluster I strains. Qualitatively, our fatty acid data corroborated the data of Dees et al. Four different commercial galleries were used to phenotypically characterize all of the strains investigated. The API 20NE and AF'I ZYM galleries did not discriminate between the two groups. As determined with the Biotype 100 gallery, all of the cluster I1 strains grew on three amino acids, L-aspartate, L-glutamate, and L-proline, whereas the cluster I strains did not. Previously, Rasoamananjara et al. ( 1 7) subdivided Flavobacten'um odoratum strains into two subgroups on the basis of nutritional properties. A comparison of the data of these authors and our data is rather difficult because of a lack of corresponding reference strains. However, the phenotypic characteristics of the cluster I and I1 strains resembled the phenotypic characteristics of the two subgroups of Rasoamananjara et al.; strains belonging to the first subgroup did not grow on any carbon source, and strains belonging to the second subgroup utilized a variety of amino acids. In the present study, the Biolog assay results distinguished the two taxa easily. The cluster I strains produced a purple color in all wells; even the negative control well yielded a false-positive reaction after a few hours of incubation. The possible causes of this include utilization of extracellular polysaccharides, utilization of stored endogenous substrates, and utilization of lysed cell material. No oxidation occurred in the negative control wells containing cluster I1 strains. A characteristic profile (see below) was obtained for the cluster I1 strains.
All of the genomic, chemotaxonomic, and phenotypic data demonstrated that strains of the former species Flavobacterium odoratum should be placed in two species. We propose that cluster I strains, including the type strain of Flavobacterium odoratum, should be placed in M. odoratus comb. nov. and that cluster I1 strains should be placed in a new taxon, for which the name M. odoratimirnus is proposed. The latter species name reflects the paucity of appropriate phenotypic characteristics for differentiating the two Myroides species. The genus and species descriptions below are based on data from references 4, 8, and 10 and the present study.
Description of Myroides gen. nov. Myroides (My.roi'des. Gr. n. myron, perfume; Gr. adj. s u f i -oides, similar to; N. L. masc. n. Myroides, resembling perfume). Cells are gram-negative rods that are 0.5 pm in diameter and 1 to 2 pm long, but longer rods and long chains (containing 4 to 10 cells) may occur in broth medium. Cells lack flagella. Neither cellular gliding movement nor swarming growth is observed. Various colony types may occur, but most colonies are yellow pigmented. A characteristic fruity odor is produced by most strains. Strictly aerobic with good growth on nutrient agar and MacConkey agar. Nonhemolytic on blood agar. Growth occurs at room temperature (18 to 22°C) and at 37"C, but not at 5 and 42°C.
Oxidase, catalase, urease, and gelatinase positive. Indole is not formed. Nitrite is characteristically reduced, but nitrate is not reduced. None of the strains exhibit arginine dihydrolase or P-galactosidase activity or hydrolyze esculin, and all strains are nonsaccharolytic.
As determined by AF'I ZYM galleries, all strains hydrolyze 2-naphthyl-phosphate, 2-naphthyl-butyrate, 2-naphthyl-caprylate, ~-leucyl-2-naphthylamide, and naphthol-AS-BI-phosphate. No strain hydrolyzes N-benzoyl-~~-arginine-2-naphthylarnide, 6-Br-2-naphthyl-a-~-galactopyranoside, 2-naphthyl-P-~-galactopyranoside, naphthol-AS-BI-P-D-glucuronide, 2-naphthyl-a-D-glucopyranoside, 6-Br-2-naphthyl-P-~-glucopyranoside, 1-naphthyl-N-acetyl-P-D-glucosaminide, 6-Br-2-naphthyl-a-~-mannopyranoside, and 2-naphthyl-a-~-fucopyranoside. Very weak or no hydrolysis occurs with the substrates 2-naphthylmyristate, ~-valyl-2-naphthylamide, ~-cystyl-2-naphthylamide, and N-glutaryl-phenylalanine-2-naphthylamide.
The genus belongs to rRNA superfamily V. The closest 
